Abstract-With the increasing need of electrical energy, the demand for receiving the high quality electrical energy is being increased in distribution systems. But due to the different disturbances affecting the power quality, the power quality in the present day distribution systems is deteriorated due to high reactive power burden, harmonic current, load unbalance, excessive neutral current etc. 
I. INTRODUCTION
POWER Quality (PQ) is a term which broadly refers to maintaining near sinusoidal waveform of power distribution bus voltages at rated voltage and frequency. Power Quality (PQ) related issues are of most concern nowadays. The widespread use of electronic equipment, such as information technology equipment, power electronics such as adjustable speed drives (ASD), programmable logic controllers (PLC), energy-efficient lighting, leads to a complete change of electric loads nature. These loads are simultaneously the major causers and the major victims of power quality problems. Due to their non-linearity, all these loads cause disturbances in the voltage waveform. Various Power Quality (PQ) problems affecting industrial customers thus affecting industrial production process leading to revenue loss [1] .
Various methods have been applied to reduce or mitigate the PQ problems. The conventional methods are by using capacitor banks, introduction of new parallel feeders and by installing uninterruptible power supplies Manuscript received November 30, 2012; revised March 20, 2013 (UPS). However, the PQ problems are not solved completely due to uncontrollable reactive power compensation and high costs of new feeders and UPS. Conventionally, Static Var Compensators (SVCs) have been used in conjunction with passive filters at the distribution Level for reactive power compensation and mitigation of the power quality problem. Though SVCs are very effective system controllers used to provide reactive power compensation at the transmission level, their limited bandwidth, higher passive element count that increases size and losses, and slower response make them unsuitable for the modern day distribution requirement. Another compensating system has been proposed by employing a combination of SVC and active power filter, which can compensate three phase loads in a minimum of two cycles. Thus, a controller which continuously monitors the load voltages and currents to determine the right amount of compensation required by the system and the less response time should be a viable alternative. Distribution Static Compensator (DSTATCOM) has the capacity to overcome the above drawbacks by providing precise control and fast response during transient and steady state, with reduced foot print and weight. The DSTATCOM has emerged as a promising device to provide solution not only for voltage related issues but a host of other current related power quality problem's solutions such as voltage regulation , load balancing, reactive power compensation, power factor correction & improvement and current harmonic control [2] .
This paper aims at presenting a comprehensive review of DSTATCOM for power quality improvement on distribution system. This paper covers the different configurations used, the control methodologies, and their selection for specific applications.
II. TOPOLOGIES & CONFIGURATIONS
DSTATCOM can be classified on the basis of different topologies and the number of phases. For power quality improvement the voltage source inverter (VSI) bridge structure is generally used while the use of current source inverter (CSI) is less. The different types of configuration of DSTATCOM are as follows
A. Converter based Classification
DSTATCOM utilizes either a voltage-source inverter (VSI) or a current-source inverter (CSI). VSI use capacitive energy storage, while CSI use inductive energy storage in their respective dc links for voltage and current [3] . However, the voltage source inverters are widely used due to the smaller size, the less heat dissipated and the less cost of the capacitor compared to the inductor, used in the CSI, for the same power rating [4] . The VSI connected in shunt with the ac system provides multifunctional topology which can be used for up to three quite distinct purposes, voltage regulation and compensation of reactive power, correction of power factor; and elimination of current harmonics. Voltage source inverter (VSI) topology is popular because it can be expandable to multilevel, multistep & multichain topology to enhance the performance with lower switching frequency and increased power handling capacity. Various multilevel topologies are NPC/Diode clamp multilevel inverter, Cascaded H-bridge & Flying capacitor multilevel inverter are as shown in Fig.1 
1) Diode clamped multilevel inverter:
A m-level diode-clamp converter typically have (m -1) capacitors on the dc bus and produces m levels of the phase voltage. A single-phase full bridge 5-level diodeclamp converter in which the dc bus consists of four capacitors, 1 , 2 , 3 , and 4 ,. For a dc bus voltage , the voltage across each capacitor is 4 , and each device voltage stress will be limited to one capacitor voltage level, /4, through clamping diodes as shown in Fig.1(a) .
2) Cascade H -bridge multilevel inverter:
In Cascaded H-bridge inverters separate dc sources (SDC's) are introduced. This new converter can avoid extra clamping diodes or voltage balancing capacitors. 
3) Flying capacitor multilevel inverter:
A single phase full-bridge flying-capacitor based 5-level converter is shown in Fig.1(c) , assuming that each capacitor has the same voltage rating. Three inner-loop balancing capacitors for phase leg a, 1 , 2 , and 3 are independent from those for phase leg. All phase legs share the same dc link capacitors 1 -4 . The voltage level defined in the flying-capacitor converter is similar to that (1). The phase voltage of an m-level converter has m levels including the reference level, and the line voltage has (2m -1) levels. Assuming that each capacitor has the same voltage rating as the switching device, the dc bus needs (m -1) capacitors for an m-level converter.
B. Topology based Classification
DSTATCOM is a shunt connected compensating device. Suitable adjustment of the phase and magnitude of the DSTATCOM output voltages allows effective control of active and reactive power exchanges between the D-STATCOM and the ac system. Such configuration allows the device to absorb or generate controllable active and reactive power. The VSC connected in shunt with the ac system provides a multifunctional topology which can be used for up to three quite distinct purposes -( Load Compensation ):
1) Voltage regulation and reactive power compensation. The H-bridge VSI topology shown in Fig. 2 , which is commonly used for load compensation, consists of 12 power semiconductor switches supported by a common dc storage capacitor for 3-phase [5] - [8] . Each VSI is connected to the power network at the PCC through a transformer. The purpose of this transformer is to provide isolation between the inverter legs and to prevent the dc storage capacitor from being shorted by switches in different inverter legs. Due to the presence of isolation transformers, this topology, however, is not suitable for compensation of the load currents containing dc components.
2) Three-phase three-leg topology:
A three-phase three-leg topology shown in Fig. 3 has six switches and a common dc storage capacitor [7] - [9] . If this topology is used, the zero-sequence current in the load cannot be compensated, and it flows in the neutral wire between the system and load. The zero-sequence current thus returns to the ac distribution system. Furthermore, if load is nonlinear, then the harmonics enter into the ac system, thus degrading the power quality. In this topology, the generations of the three compensator currents are not independent. Hence, this scheme is not suitable for a three-phase four-wire distribution system with loads containing zero-sequence currents. 
3) Three-phase four-leg VSI topology:
Three-phase four-leg VSI topology shown in Fig. 4 is suitable for the elimination of dc as well as zero-sequence components from the source currents. Three of its legs are connected to three phases, and the fourth leg is connected to the neutral through an interface reactor [9] - [11] . Reference current for the fourth leg is the negative sum of the three-phase load currents. This nullifies the effect of dc components in the load currents. When a compensator is working, the zero-sequence current containing switching frequency components are routed between the load and compensator neutral. 
4) Neutral-clamped VSI topology:
A neutral-clamped VSI topology shown in Fig.  5 .consists of eight IGBT switches and two identical dc storage capacitors for 3-phase [12] - [16] this topology is well equipped to compensate dc components present in the load. However, due to the presence of this dc component, the two dc capacitors are charged to different voltages. 
C. Supply System based Classification
This classification of DSTATCOM is based on the supply and/or the load system having single-phase (two wire) and three-phase (three-wire or four-wire) systems. There are many nonlinear loads, such as domestic appliances, connected to single-phase supply systems. Some three-phase nonlinear loads are without neutral, such as ASD's. There are many nonlinear single-phase loads distributed on three-phase four-wire supply systems, such as computers & etc. Hence, compensating devices may also be classified accordingly as two-wire, threewire, and four-wire types.
1) Single phase two-Wire compensating systems: Fig. 6 shows a single phase DSTATCOM. A voltage source is supplying a load that could be nonlinear as well. The point of connection of the load and the source is the point of common coupling (PCC) .Here the compensator consists of a inverter and an interface inductor. The dc side of the compensator is connected is supplied by a dc capacitor. The inverter is expected to be controlled to maintain a voltage across this capacitor. Figure 6 . Three phase three -wire DSTATCOM
2) Three-phase three-Wire systems:
In three-phase, three-wire distribution systems, the configuration of DSTATCOM could take the form of a single three-phase DSTATCOM or three separate singlephase VSI bridges ( ideal compensator ) connected to a common dc storage capacitor as shown in fig.7 . These configurations are suited to three-phase system feeding linear/nonlinear loads. The addition of energy storage to the power conditioner adds to the flexibility of the system. This power conditioner can meet peak load demand and also provides reactive power requirement. The configuration of a DSTATCOM with storage element is reported as Battery Energy Storage System (BESS). 
3) Three phase four-Wire systems:
The electrical power distribution uses three-phase, four-wire system to feed three-phase loads as shown in Fig. 7 (including fourth wire n-n'-N).The presence of neutral conductor gives rise to problems of excessive neutral currents resulting from unbalanced currents and harmonics in load currents. The problems are aggravated in the presence of unbalanced nonlinear loads [17] . In this topology the three legs are connected to three-phase conductors through series inductors and the neutral of source N is connected to the neutral of the load n through neutral of the compensator n' using fourth wire.
III. CONTROL STRATEGIES
Satisfactory performance, fast response, flexible and easy implementation are the main objectives of any compensation strategy. The control strategies of a DSTATCOM are mainly implemented in the following steps:
 Measurements of system variables and signal conditioning  Extraction of reference compensating signals  Generation of firing pulses for switching devices The generation of proper pulse width modulation (PWM) firing is the most important part of DSTATCOM control and it has a great impact on its compensation objectives, transient as well as steady state performance. A PWM based distribution static compensator offers faster response and capability for harmonic elimination [18] . This section discusses the following control schemes of a DSTATCOM for power factor correction and harmonic mitigation based on 1) Phase shift control 2) Indirect decoupled current control 3) Regulation of AC bus and DC link voltage
1) Phase shift control:
In this method, the compensation is achieved by the measuring of the rms voltage at the load point, whereas no reactive power measurements are required [19] - [20] . Sinusoidal PWM technique is used with con-stant switching frequency. The error signal obtained by comparing the measured system rms voltage and the reference voltage is fed to a proportional integral (PI) controller, which generates the angle for deciding the necessary phase shift between the output voltage of the VSI and the AC terminal voltage. This angle is summed with the phase angle of the balanced supply voltages, assumed to be equally spaced at 120 degrees, to produce the desired synchronizing signal required to operate the PWM generator. In this scheme, the DC voltage is maintained constant, using a separate battery source. Though this strategy is easy to implement, is robust and can provide partial reactive power compensation without harmonic suppression
2) Indirect decoupled current control:
This scheme is based on the governing equations of advanced static var compensator [21] . It requires the measurement of instantaneous values of three phase line voltages and current. The control scheme is based on the transformation of the three phase system to a synchronously rotating frame, using Park's transformation. The compensation is achieved by the control of and [22] . This is an indirect current control method, where current error compensation is achieved indirectly through voltage modulation, in order to incorporate simple open loop sine PWM modulators, so that fixed switching frequency is achieved. The main advantage of this scheme is that, it incorporates a self supporting DC bus and the value of the reference DC link voltage is less, as compared to phase shift control, due to which the converter switches are less stressed. Also, another advantage of this scheme is that it operates with fixed switching frequency, which provides a definite harmonic spectrum, independent of the load. The disadvantages of this scheme are:
 Phase Locked Loop gives erroneous results in case of distorted mains and is applicable for only three phase systems.  It requires intensive computation, including complex transformations, making the operation complex.  Bandwidth is restricted due to the use of sine PWM generator & during transient condition, the supply current shoots to a very high value.
3) Regulation of AC bus and DC link voltage:
Three phase AC supply voltages and DC link voltage are sensed and fed to two PI controllers, the outputs of which decide the amplitude of reactive and active current to be generated by the DSTATCOM [23] . Multiplication of these amplitudes with the in phase and quadrature voltage unit vectors yields the respective component of the reference currents. When applying the algorithm for power factor correction and harmonic elimination, the quadrature component of the reference current is made zero.
These reference currents and the sensed line currents are fed to a hysteresis controller, which is used for tracking control as shown in Fig. 8(a) . This hysteresis controller adds a hysteresis band +/−h around the calculated reference current. The tracking becomes better if the Hysteresis band is narrower, but the switching frequency is increased, which results in increased switching losses. Therefore, the choice of hysteresis band should be a compromise between tracking error and inverter losses [23] - [27] . This method of tracking current control is simple and robust and it exhibits an automatic current limiting characteristic. This compensation scheme is multifunctional and can also be effectively used for load unbalancing and harmonic suppression (Active filtering ), in addition to power factor correction and dynamic voltage regulation.
The drawback of this technique is that it provides a variable switching frequency which can further make constant by using ramp control as shown in Fig. 8(b) & Predictive control [16] . 
